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[57] _ ABSTRACT 

Multilevel digital signals are converted to binary 
signals and are transmitted as such. The binary signals 
are integrated by the frequency characteristic of a 
transmission line of narrow bandwidth. The transmis 
sion line converts the binary pulses to a multilevel 

340/347 DD ' signal. The receiver receives the transmitted multilevel 
signal and converts it to analog signals. 

6 Claims, 11 Drawing Figures 
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MULTILEVEL DIGITAL SIGNAL TRANSMISSION 
SYSTEM 

DESCRIPTION OF THE INVENTION: 

The present invention relates to a system for trans 
mitting multilevel digital signals as binary pulse signals. 
More particularly, the invention relates to a PCM 
system for transmitting multilevel digital signals having 
a level above ternary as binary pulse signals. 

In code transmission, the required bandwidth of a 
relay transmission line necessary for transmitting the 
required information is proportional to the number of 
time slots which must be transmitted within a specific 
period of time. If a sufficient signal-to-noise ratio may 
be obtained in the transmission line, the higher the 
level of the transmission code of information, the less 
the number of time slots may be reduced, and ac 
cordingly the less the required transmission band may 
be reduced. On the other hand, in a conventional 
system, signals are transmitted by encoding at a lower 
level such as, for example, binary or ternary, in a high 
class transmission medium having asufficient signal-to 
‘noise ratio. A suitable high class transmission medium 
is a coaxial transmission line. A consequence is that the 
speed of transmission is unnecessarily increased and 
the requiredtransmission band is enlarged, so that line 
loss 'in the transmission maximum frequency is_un 
necessarily increased and the distances between re 
peaters are shortened. This results in considerably 
higher costs for the production and maintenance of the 
system. _ 

In order to solve the aforedescribed problems, a mul 
tilevel code transmission system has been provided 
which ‘utilizes a high class transmission medium having 
a high initial signal-to~noise ratio, as aforedescribed, 
and permitting the reduction of the required transmis 
sion bandwidth and the increase of the distances 
between repeaters. This results in an increase in the in, 
formation capacity which may be transmitted. In order 
to provide such multilevel code transmission,v however, 
the transmitter must be provided with equipment for 
providing a plurality of digital levels, and repeaters are 
required in order to regenerate said digital levels. For 
this purpose, a pulse power source is required for 
generating the digital levels independently from each 
other or a pulse power source is required for generating 
the highest level and an attenuator- is utilized to 
decrease the signal level to the other levels. Ifa plurali 
ty of pulse power sources are utilized, the system 
becomes complicated and costly in manufacture and 
operation, and if an attenuator is utilized, electrical 
power is consumed unnecessarily and considerable 
heat is radiated. Although these deficiencies do not 
considerably affect a transmitter at a terminal station, 
they are fatal in a regenerative repeater. 
The principal object of the present invention is to 

provide a system for transmitting multilevel digital 
signals having a level above ternary as bipolar pulse 
signals. 
An object of the present invention is to provide a 

system for transmitting multilevel digital signals as 
bipolar pulse signals‘, which system is of low cost in 
production and operation. 
An object of the present invention is to provide a 

system for transmitting multilevel digital signals as 
bipolar pulse signals, which system functions with effi 
ciency, effectiveness and reliability. 
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2 
In accordance with the present invention, a system ~ 

for transmitting multilevel digital signals having a level 
above ternary via a transmission, line for converting 
bipolar pulses to a multilevel signal, comprises a con 
verter for converting the multilevel digital signals into, 
bipolar or unipolar pulses of a number corresponding 
to the level and converting the waveform of the pulses 
into a group of series pulses of pulse code waveform. 
An input connected to the converter supplies the mul 
tilevel digital pulse to the converter. A transmitter cou 
pled to the converter transmits the group of series pul 
ses in one time slot of the digital signals as bipolar pulse 
groups. A receiver receives the transmitted signals as a 
multilevel signal in one time slot. 
The word “bipolar“ is defined ‘herein as a group of 

bipolar series pulses constituted by the pulses l and —l. 
The word “unipolar” is defined herein as a group of 
unipolar series pulses constituted by the pulses l or —l. 
A regenerative repeater for regenerating digital 

signals comprises an equalizer for equalizing and ampli 
fying digital signals. An input connected to the equal 
izer supplies digital signals to the equalizer. Adetector 
coupled to the equalizer comprises a plurality of detec-i 
tors for detecting the levels of the equalized and am 
pli?ed signals. A converter coupled to the detector 
convertsvthe detected signals into a group of bipolar 
PCM codes. An output connected to the converter 
derives the group of bipolar PCM codes. 
A regenerative repeater for regenerating digital 

signals comprises an equalizer for equalizing and ampli 
fying digital signals. An input connected to. the equal 
izer supplies digital signals to the equalizer. A reference 
voltage source provides a reference voltage having a 
reference level. A comparator connected to the equal 
izer and the reference voltage source compares the 
levels of the reference voltage and the equalized and 
amplified digital signals. The comparator provides a 
single pulse in accordance with the comparison. A 
coupling connected between the comparator and the 
reference voltage source modifies the magnitude of the 
reference level in accordance with the pulse. 
The principle of the present invention, as described, 

is that unipolar or bipolar pulses, or pulses resulting 
from the conversion of the waveforms of unipolar or 
bipolar pulses, and waveforms which may be provided 
with relative facility, are transmitted in a single time 
slot. The waveforms are equalized by the transmission 
line and equalizers in the receiver such as, for example, 
in the repeaters. Thus, for example, the amplitude of 
the group of series pulses in a single time slot may be in 
tegrated and the width of half levels of the group may 
be provided at approximately a single time slot. The 
pulses are effectively received at the waveform detect 
ing points of the repeaters as multilevel codes, so that , 
multilevel code information is received at the receiver. 
This system is similar to the conventional multilevel 
system in that, as aforedescribed, the half level width of 
the equalized waveform is nearly equal to a single time 
slot and the necessary transmission band of the system 
of the present invention is therefore equal to that of the ' 
conventional system. _ _ 

In order that the present invention may be readily 
carried into effect it will now be described with 
reference to the accompanying drawings, wherein: 

FIG. 1 is a graphical presentation of a plurality of 
curves for illustrating therprinciple of operation of the 
present invention; 
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FIG. la is an illustration of the magnitudes T and 1-; 
FIG. 2 is a block and circuit diagram of an embodi 

ment of a transmitter of the system of the present in 
vention; 

FIG. 3 is a graphical presentation of the waveforms 
appearing in the circuit of FIG. 2; 

FIG. 4 is a block and circuit diagram of an embodi 
ment of a regenerative repeater of the system of the 
present invention; 

FIG. 5 is a graphical presentation of the waveforms 
appearing in the circuit of FIG. 4; 

FIG. 6 is a block and circuit diagram of an embodi 
ment of a receiver of the system of the present inven 
tion; 

FIG. 7 is a graphical presentation of the waveforms 
appearing in the circuit of FIG. 6; 

FIG. 8 is a graphical presentation of illustrating the 
operation of the system of the present invention; 

FIG. 9 is a block and circuit diagram of another em 
bodiment of a regenerative repeater of the system of 
the present invention; and 

FIG. 10 is a graphical presentation of the waveforms 
appearing in the circuit of FIG. 9. 

FIG. I illustrates a six level or hexanary transmission 
and is an example of symmetrical and positive total 
equalized waveforms of 13 types of a total number of 
35 codes ofa pulse train. The pulse train comprises pul 
ses of ?ve bits as equalized waveforms compared to a 
transmitted pulse of a single bit. In FIG. 1, the abscissa 
indicates the time t and the ordinate indicates the peak 
value 70 of the equalized waveform. 

If the duration ofa single time slot is T, and the width 
of the time slot occupied by the transmitted pulses is r , 
'r/T is selected as 0.5 and the pulse length and frequen 
cy characteristics of the system of the present invention 
and the transmission line are selected so that the half 
level width of the equalized waveform ofa single trans 
mitted pulse becomes 0.45 ofthe time slot. 
As shown in FIG. 1, six levels may be expressed by 

the number of pulses with an error of under approxi 
mately 8 percent at the center of the time slot. This in 
dicates that the multilevel signal is of sufficiently high 
quality. In accordance with the present invention, the 
receiver detects multilevel codes and the correspond 
ing group of series codes, as aforedescribed, are 
regenerated and transmitted. 

FIG. 2 is an embodiment of a transmitter or a trans 
mitter terminal station of the system of the present in 
vention. The transmitter of FIG. 2 utilizes four level or 
quaternary codes. Audio signals supplied via input ter 
minals 11a, 1112,. . . lln are provided in channels 1, 2,. 
. . n. The audio signals are sampled by corresponding 
samplers 12a, 12b, . . . 12n. The samplers 12a, 12b, . . . 

12!: are connected in common to an input ofa coder 13 
via a lead 14. 
The coder 13 converts the audio signals into PAM 

pulses and multiplexes said pulses and converts said 
pulses into bipolar PCM pulses. This operation is the 
same as the usual PCM communications system opera 
tion and the components utilized may be those known 
in'the art. The bipolar PCM pulses are then converted 
into a group of bipolar pulses representing multilevel 
digital signals by a converter 15. The output of the 
coder 13 is connected to the input of the converter 15 
via a lead 16. 
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In accordance with the principle of operation of the 

present invention, the bipolar PCM pulses are ?rst con 
verted into multilevel PCM pulses in the converter 15, 
and the multilevel PCM pulses are then converted into 
a group- of bipolar pulses in said converter. In the actual 
circuit, however, the bipolar PCM pulses are simply 
converted into a group of bipolar pulses. 
The operation of the transmitter of FIG. 2 is ex 

plained with reference to the waveforms of FIG. 3. FIG. 
3 comprises a plurality of waveforms 3A, 3B, 3CL, 
3D1, 3D2, 3D3, 3D4, 3D5, 3C, 3D, 3E and 3F. The 
waveform 3A of FIG. 3 is the PCM pulses provided at 
the output of the coder 13 of FIG. 2. The PCM pulses 
of waveform 3A are supplied to a two level-four level 
two level or binary-quaternary-binary pulse group con 
verter circuit comprising a delay circuit 17, which pro 
vides a delay of one bit, and a plurality of logical com 
ponents. 

In the converter 15 of FIG. 2, the output of the delay 
circuit 17 is connected to an input of an AND gate 18. 
An input terminal 19 is connected to the other input of 
the AND gate 18. The output of the AND gate 18 is 
connected to an input of a ?ip ?op 21. The output of 
the ?ip ?op 21 is connected to an input of an AND gate 
22. An input terminal 23 is connected to an input of an 
OR gate 24 and an input terminal 25 is connected to 
the other input of said OR gate. The output of the OR 
gate 24 is connected to the other input of the AND gate 
22. The output of the AND gate 22 is connected to an 
input of an OR gate 26. 
The output of the coder 13 is connected in common 

to the input of the delay circuit 17_ and to an input of an 
AND gate 27_. An input terminal 28 is connected to the 
other input of the AND gate 27. The output of the 
AND gate 27 is connected to the input ofa ?ip ?op 29. 
An output of the ?ip ?op 29 is connected to an input of 
an AND gate 31. An input terminal 32lis connected to 
the other input of the AND gate 31. The other output 
of the ?ip ?op 29 is connected to an input of an AND 
gate 33. An input terminal 34 is connected to an input 
of an OR gate 35 and an input 36 is connected to the 
other input of said OR gate. The output of the OR gate 
35 is connected to the other input of the AND gate 33. 
The output of the AND gate 31 is connected to 

another input of the OR gate 26. The output of the 
AND gate 33 is connected to the third input of the OR 
gate 26. The output of the OR gate 26 is connected to 
the input of an ampli?er 37. An output terminal 38 is 
connected to the output of the ampli?er 37. 
The waveforms 3A, 3B, 3C, 3D, 3E and 3F of FIG. 3 

appear at the points A, B, C, D, E and F in FIG. 2. The 
waveform 3CL of FIG. 3 is the clock pulses which are 
supplied to the input terminals 19 and 28 of FIG. 2. The 
waveforms 3D], 3D2, 3D3, 3D4 and 3D5 of FIG. 3 are 

l. the digital pulses supplied to the input terminals 23, 34, 

65 

32, 36 and 25, respectively. The PCM pulses of the 
waveform3A of FIG. 3 are supplied to the input of the 
AND gate‘ 27 as well as to the input of the AND gate 
18. The difference is that the waveform 3A is supplied 
to the AND gate 18 via the delay circuit 17. 
The AND gates 18 and 27 supply the PCM pulses of 

the waveform 3A of FIG. 3 to the corresponding ?ip 
?ops 21 and 29 under the control of the clock pulses 
CL, as shown in the waveform 3CL of FIG. 3. The ?ip 
?op 21 produces the waveform 3C and the ?ip ?op 29 
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produces the waveforms 3D and SE of FIG. 3. The 
waveform 3F is provided by controlling the waveforms 
3C, 3D and 312 by digit pulses. 

In the described embodiment of the system of the 
present invention, PCM pulses 1,1 are converted into 
four pulses, PCM pulses 1,0 are converted into three 
pulses, PCM pulses 0,1 are converted into two pulses, 
and PCM pulses 0,0 are converted into one pulse. The 
pulse train converted into the pulse group in the 
aforedescribed manner, is provided at the output ter~ 
minal 38 after amplification by the amplifier 37. 

FIG. 4 illustrates an embodiment of the regenerative 
repeater of the system of the present invention. FIG. 5 
comprises a plurality of waveforms illustrating the 
operation of the circuit of FIG. 4. The waveforms of 
FIG. 5 are 5A, SCL, 5B, 5C, SD, 5E, 5F, 5G, 5D1, 5D2, 
5D3, 5D4, SDS and 5H. 

In FIG. 4, a group of pulses transmitted by a trans 
mission line is integrated by the frequency charac 
teristic of the transmission line and the frequency 
characteristic of an equalizing amplifier in the preced 
ing stage (not shown in the FIGS.) of the regenerative 
repeater. The waveform 5A of FIG. 5, which is a mul 
tilevel waveform, is supplied to an input terminal 41 of 
the regenerative repeater of FIG. 4. The waveform 5A 
of FIG. 5 is supplied in common to the inputs of detec 
tors 42a, 42b and 42c. The detectors 42a, 42b and 42c 
have different threshold levels. . 

Three detectors, 42a, 42b and 42c, are utilized in the 
embodiment of FIG. 4 because the regenerative re 
peater utilizes a four level system. The number of de 

20 

25 

30 

tectors required in an n level system is 11-1. If the four _ 
level system is made 4, 3, 2 and l, the threshold level of 
the detector 42a is selected at 3.5, the threshold level 
of the detector 42b is selected at 2.5 and the threshold 
level of the detector 42c is selected at 1.5. The 
threshold level is determined by VREF. 
Each of the detectors 42a, 42b and 42c has the same 

circuit so that only the circuit of the detector 42a is 
shown. The waveform 5A' of FIG. 5 is supplied to the 
base electrode of a transistor 43 via a diode >44 and an 
inductor 45 connected in series circuit arrangement. A 
resistor 46 is connected in shunt across the inductor 45. 
An input terminal 47 is connected to a common point 
in the connection between the input terminal 41 and 
the diode 44 via a resistor 48. An input terminal 49 is 
connected to a common point in the connection 
between the diode 44 and the inductor 45 via a resistor 
51 and an input terminal 52 is'connected to said com 
mon point via a diode 53. The emitter electrode of the 
transistor 43 is connected to a point at ground poten 
tial. 
The collector electrode of the transistor 43 is con 

nected to an input of an OR gate 54 via an inductor 55. 
An input terminal 56 is connected to a common point 
in the connection between the inductor 55 and the OR 
gate 54 via a resistor 57. The OR gate 54 is not part of 
the detector 42a. The inductor 55 is also connected to 
an input of an inhibitor 58. The output of the detector 
42b is connected in common to the other input of the 
inhibitor 58 and an input of an inhibitor 59. The output 
of the detector 420 is connected in common to the 
other input of the inhibitor 59 and to the input of an in 
verter 61. i 
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The output of the inhibitor 58 is connected in com 

mon to the other input of the OR gate 54 and an input 
of an OR gate 62. The output of the inhibitor 59 is con 
nected to an input of an OR Gate 63. The output of the 
inverter 61 is connected to the other input of the OR 
gate 62. The output of the detector 42a is also con 
nected to the other input of the OR gate 63. The output 
of the OR gate 54 is connected to an input of an AND 
gate 64. The output of the OR gate 63 is connected to 
an input of an AND gate 65. The output of the OR gate 
62 is connected to an input of an AND gate 66. 
An input terminal 67 is connected to an input of an 

OR gate 68 and an input terminal 69 is connected to 
the other input of said OR gate. The output of the OR 
gate 68 is connected to the other input of the AND gate 
64. An input terminal 71 is connected to an input of an 
OR gate 72 and an input terminal 73 is connected to 
the other input of said OR gate. The output of the OR 
gate 72 is connected to the other input of the AND gate 
65. An input terminal 74 is connected to the other 
input of the AND gate 66. The output of the AND gate 
64 is connected to an input of an OR gate 75. The out 
put of the AND gate 65 is connected to a second input 
of the OR gate 75. The output of the AND gate 66 is 
connected to the third input of the OR gate 75. The 
~output of the OR gate 75 is connected to an output ter 
minal 76. , 

If the level of the input signal 5A of'FlG'. 5 is lower 
than the reference level VREF supplied to the input 
terminal 47, the diode 44 is switched to its conductive 
condition. The blocking oscillator circuit, which in 
cludes the transistor 43, is not operated. If the level of 
the input signal 5A is greater than the reference level 
VREF applied to the input terminal 47, the diode 44 is 
switched to its non-conductive condition and the 
transistor 43 is switched to its conductive condition. 
The blocking oscillator is then operated and produces 
pulses having the waveform 5B of FIG. 5. Although the 
detectors 42b and 420 are the same in structure and 
operation as the detector 42a, each of said detectors 
has a different threshold level. 
Each of the circuit points A, B, C, D, E, F, G and H 

of FIG. 4 corresponds to the corresponding waveform 
5A, 5B, 5C, SD, 5E, 5F, 5G and 5H of FIG. 5. The in 
hibitors or inhibit gates 58 and 59, the inverter 61, and 
the OR gates 54, 63 and 62 produce the waveforms 5E, 
5F and 5G of FIG. 5. The group of regenerated pulse 
waveforms 51-1 of FIG. 5 is provided at the output ter 
minal 76 when the AND gates 64, 65 and 66 are 
switched to their conductive condition by the digit pul 
ses D1 and D5, supplied to the input terminals 67 and 
69, respectively, D2 and D4, supplied to the input ter 
minals 71 and 73, respectively, and D3, supplied to the 
input terminal 74. 

FIG. 6 illustrates a receiver of the system of the 
present invention. FIG. 7 illustrates the waveforms 7A, 
7CL1, 7B, 7C, 7D, 7E, 7F, 7CL2, 7CL3 and 7G 'ap 
pearing in the circuit of FIG. 6. Each of the waveforms 
7A, 7B, 7C, 7D, 7E, 7F and 7G appears at a cor 
responding one of the circuit points A, B, C, D, E, F 
and G of FIG. 6. 
The received signals are supplied to an input ter-5 

minal 81 of FIG. 6. The input terminal 81 is connected 
to the input of an ampli?er 82. The output of the ampli 
fier is connected in common to the input of each of a 
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plurality of detectors 83a, 83b and 830. An input ter 
minal 84a is connected to the detector 83a. An input 
terminal 84b is connected to the detector 83b. An input 
terminal 84c is connected to the detector 83c. ' 
The output of the detector 83a is connected in com 

mon to an input of an AND gate 85 and to an input of 
an inhibitor 86. The output of the detector 83b is con 
‘nected in common to the other input of the inhibitor 86 
and to an input of an inhibitor 87. The output of the de 
tector 83c is connected to the other input of the inhibi 
tor 87. An input terminal 88 is connected to an input of 
an OR gate 89 and an input terminal 91 is connected to 
the other input of said OR gate. The output of the OR 
gate 89 is connected to the other input of the AND gate 
85. 
The output of the inhibitor 86 is connected to an 

input of an AND gate 92. An input terminal 93 is con 
nected to the other input of the AND gate 92. The out 
put of the inhibitor 87 is connected to an input of an 
AND gate 94. An input terminal 95 is connected to the 
other input of the AND gate 94. The output of the 
AND gate 95 is connected to an input of an OR gate 
96. The output of the AND gate 92 is connected to a 
second input of the OR gate 96. The output of the AND 
gate 94 is connected to the third input of the OR gate 
96. The output of the OR gate 96 is connected to the 
input of a decoder 97. The output of the decoder 97 is 
connected in common to the input of each ofa plurality 
of filters 98a, 98b, . . . 98n. An output terminal 99 is 
connected to the output of the ?lter 98a and provides 
channel 1 information. An output terminal 101 is con 
nected to the output of the filter 98b and provides 
channel~2 information. An output terminal 102 is con 
nected to the output of the ?lter 98n and provides 
channel n information. ' 

The received signals, supplied to the input terminal 
81, are equalized by the equalizing ampli?er 82 and are 
converted to the waveform 7A of FIG. 7. Each of the 
detectors 83a, 83b and 83c is the same as the detectors 
of FIG. 4. The detector 83a produces the output 
waveform 7B of FIG. 7. The detector 83!: produces the 
output waveform 7C of FIG. 7. The detector 83c 
produces the output waveform 7D of FIG. 7. 
The output waveforms 7B, 7C and 7D are converted 

into ordinary binary PCM pulses 7G of FIG. 7 by the in 
hibitors or inhibit gates 86 and 87, the AND gates 85, 
92 and 94 and the OR gates 89 and 96. The binary 
PC_,M pulses are converted into PAM pulses by the 
decoder 97. The PAM pulses are demultiplexed and 
reconverted to ordinary audio signals by the low pass 
filters 98a, 98b, . . . 98n. ' 

Although, for the purposes of illustration, the em 
bodiments of the system of the present invention have 
been described as utilizing quaternary or four level 
codes. a multilevel code may. be utilized, as long as it is 
above ternary level. Also, bipolar pulses may be trans 
mitted, although unipolar pulses are transmitted in the 
aforedescribed embodiments. In such case, of course, 
the number of pulses is increased relative to the 
number of unipolar pulses. Furthermore, in the system 
of the present invention, unipolar or bipolar pulses may 
not'only be utilized without modification, but such pul 
ses may be utilized after conversion into pulses of a 
type suitable for transmission. Although a transmitter, 
a regenerative repeater and a receiver utilizing the 
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8 
system of the present invention, have been described, it 
is not necessary to apply the invention to each of said 
transmitter, regenerative repeater and receiver. It is 
possible, for example, to transmit known multilevel 
codes from the transmitter and to utilize the system of 
the present invention only in the repeater. Thus, in ac 
cordance with the present invention, multilevel signals 
may be transmitted without the utilization of a 
waveform regenerating circuit for regenerating mul 
tilevel amplitude signals. 

Table I illustrates the minimum number of pulses 
constituting a series pulse train necessary for an n level 
code and the number of possible combinations of a 
group of series pulses constituted by such minimum 
number of pulses. 

Table I 

Number of pulses 
Code Discriminated constituting a Total number of 

level series code train combinations 
l, 0 n n — l 2"‘l 

+l,0,—l n(odd number) n- l/2 an'l/Z 
+l , 0, -—l n (even number) n — l 3"" 

In the system of the present invention, as seen from 
Table I, it is necessary that the number of pulses cor 
responding to the n level system be greater than n-l 
and the number of combinations of the pulse train be 
very great. Therefore, by proper selection of the pat 
tern of the transmitted pulses, it is possible to utilize a 
pulse train having little intersymbol interference, little 
timing jitter, and excellent transmission ef?ciency. 
Furthermore, the necessary equipment maybe con 
structed and assembled with considerable facility. 

In the system of the present invention, from the view 
point intersymbol interference, as seen from FIG. 8, it 
is more desirable that the ratio 'r/T of the width of the 
time slot occupied by the transmitted pulses and a sin 
gle time slot be smaller. From the viewpoint of realiza 
tion of the system, however, it is more desirable that 
the ratio T” be larger. Therefore, the ratio -r/T must be 
properly determined, in consideration of these factors. 
In FIG. 8, the abscissa represents the ratio 1/T of the 
width of the time slot to a single time slot. The ordinate 
represents the peak values 'y0 of the quali?ed 
waveforms. 

FIG. 9 illustrates another embodiment of a regenera 
tive repeater of the present invention. The embodiment 
of FIG. 9 utilizes quinary or ?ve level signals. In the em 
bodiment of FIG. 9, only a single detector or dis 
criminator is utilized. FIG. 10 illustrates the waveforms 
10A, 10CL1, 10B, 10CL2, 10C, 10D, 10E, 10F, 
10CL3, 10G, 10H, 10l, 10CL4 and 10.1, appearing at 
the corresponding points of the circuit of FIG. 9. 

IN FIG. 9, the input waveform 10A of FIG. 10 is sup 
plied to an input terminal 111. The input terminal 111 
is connected to the input of a sampling and holding cir 
cuit 112. An input terminal 113 is connected to the 
sampling and holding circuit 112. The output of the 
sampling and holding circuit 112 is connected to an 
input of a summing ampli?er 114. The output of the 
summing ampli?er 114 is connected to an input of an 
AND gate 115. An input terminal 116 is connected to 
the other input of the AND gate 115. The output of the 
AND gate 115 is connected to the input of a blocking 
oscillator 117. 
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The output of the blocking oscillator 117 is con 
nected, via a feedback path, to another input of the 
summing amplifier 114. The feedback path comprises 
an amplifier 118, a diode 119 and a DC amplifier 121 
connected in series circuit arrangement. A capacitor 
122 is connected between a common point in the con 
nection between the diode 119 and the DC amplifier 
121 and a point at ground potential. An input terminal 

_ 123 is connected to a common point in the connection 
between the diode 119 and the DC amplifier 121 via a 
DC amplifier control circuit 124 and a diode 125 con 
nected in series circuit arrangement with said DC am 
plifier control circuit. The amplifier 118, the diode 119 
and the capacitor 122 function as an integrator. 
The output of the blocking oscillator 117 is also con 

nected to an input of a flip ?op 126. An input terminal 
127 is connected to another input of the ?ip ?op 126, 
to an input of a ?ip ?op 128 and to an input of a ?ip 
?op 129. The output of the ?ip flop 126 is connected in 
common to an input of an AND gate 131 and another 
input of the ?ip ?op 128. The output of the ?ip ?op 
128 is connected in common to an input of an AND 
gate 132 and to another input of the ‘?ip flop 129. An 
input terminal 133 is connected to the other input of 
the AND gate 131. 
An input terminal 134 is connected to an input of an 

OR gate 135 and an input terminal 136 is connected to 
the other input of said OR gate. The output of the OR 
gate‘ 135 is connected to the other input of the AND 
gate 132. An input terminal 137 is connected to a first 
input of-an OR gate 138, an input terminal 139 is con 
nected to a second input of said OR gate, an input ter 
minal 141 is connected to a third input of said OR gate, 
and an input terminal 142 is connected to the fourth 
input of said OR gate. The output of the OR gate 138 is 
connected to an input of'an AND gate 143. The output 
of the ?ip ?op 129 is connected to the other input of 
the AND gate 143. The output of the AND gate 131 is 
connected to an input of an OR gate 144. The output of 
the AND gate 132 is connected to a second input of the 
OR gate 144. The output of the AND gate 143 is con 
nectedto the third input of the OR'gate 144. The out 
put of the OR gate 144 is connected to the input of a 
blocking oscillator 145. An output terminal 146 is con 
nected to the output of the blocking oscillator 145. 
As shown in FIG. 8, when multilevel signals have 

been distorted and attenuated in the transmission line 
and are supplied ‘to or received by the'regenerative re 
peater, the waveforms of such signals are provided at 
the equalizing‘ ampli?er. The output waveforms of the 
equalizing ampli?er are-the equalized waveforms. Qui 
nary or five level equalized waveforms have an am 
plitude equivalent of five levels. 
The equalized waveforms 10A of FIG. 10 are sup 

plied to the input terminal 111 of FIG. 9. The sampling 
and holding circuit 112 samples the central level or 
magnitude of the‘ equalized waveforms 10A of FIG. 10 
with a timing signal or clock signal CLl supplied to the 
input terminal 113. The ‘clock signal 10CL1 has a 
repetition frequency f. The repetition frequency f of 
the clock signal CLl, having the waveform 10CL1 of 
FIG. 10, is the frequency of the signals to be trans 
mitted. The sampling and holding circuit 112 holds or 
stores the magnitude or level for a specific period of 
time. Such period of time must be less than one time 
slot l/fand is actually selected at approximately l/2f. 
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The summing amplifier 114 amplifies and add the ’ 

signals comprising the waveforms 10B and IOP sup 
plied thereto. The waveform 10F of FIG. 10 is the out 
put waveform or a DC amplifier. The operation is such 
that the polarity of one input of the summing ampli?er 
114 may be opposite that of the other. The output 
waveform 10F of the DC amplifier is controlled by the 
DC amplifier control circuit 124, so that said output 
waveform is always zero at the beginning ofeach time 
slot. The waveform 10C of FIG. 10 is the output of the 
summing amplifier 114 and is transferred by the AND - 
gate 115 which is switched to its conductive condition 
by the clock pulses CL2 supplied to the input terminal 
116. 
The blocking oscillator 117 functions as a pulse 

generator, and is driven by the waveform 10D of FIG. 
10, which is the output of- the AND gate 115. The 
blocking oscillator 117 produces the waveform pulses 
10E of FIG. 10. The pulses 10E have a duty ratio of 
about H2 and are produced by the repetition of the 
clock pulses CL2. The pulses 10E function to drive the 
regenerative circuit enclosed by the broken lines,.and 
are integrated by the integrator in the feedback path 
between the blocking oscillator 117 and the summing 
amplifier 114. - 

The integrator 118, 119, 122 of the feedback path 
derives the DC component from the pulses 10E and 
supplies the derived DC component to the DC-amplifi 
er 121. The DC ampli?er 121 produces a level 
equivalent to the multilevel 1. The signals 10F are then 
added to the signals 10B, again, in the aforedescribed 
manner, and the operation-is repeated in the holding 
time. Thus, a series ofn pulses is produced by the pulse 
generating circuit or blocking oscillator 117. 

If it is assumed, for example, that a signal having a 
magnitude or level of4 is supplied to'the input terminal 
111 of FIG. 9, said signal is ?rst compared with a signal 
having a magnitude or level of O, as shown in the 
waveform 10F of FIG. 10. Since the input signal is 
greater ‘than 0, a single pulse is produced, and said 
signal is compared with a level or magnitude of 1. 
Another pulse is produced and the signal is then corn 
pared with a signal having a level or magnitude of 2. 
Another pulse is produced as a‘result of such com 
parison. Finally, the signal is compared with a signal 
having a magnitude or level of 3 and another'pulse is 
produced. All four pulses are'produced by the pulse 
generating circuit or blocking oscillator 117 and are il 
lustrated in the waveform 10E of FIG. 10. Similarly, if 
an input signal having a magnitude or level of 3 is sup 
plied to the input terminal 111, three pulses are 
produced, and if'a signal having a magnitude or level of 
2 is supplied, two pulses are produced. Of course, if a 
signal having a magnitude or level of l is supplied to the 
input terminal 111, a single pulse is produced, and if a 
signal having a magnitude of 0 is supplied, no pulse- is 
Produced. ' ' ' - . 

' The aforedescribed pulses produced by the blocking 
oscillator or pulse generating circuit 117 are supplied 
to the regenerative circuit in FIG. 9. The regenerative 
circuit comprises a counter constituted by the three ?ip - 
flops 126, 128 and 129. The three ?ip ?ops 126, 128 
and 129 are controlled by the clock signals CL4, illus 
trated in the waveform 10CL4 of FIG. 10. The digit 
signals D1, D2, D3, D4 and D5 supplied to the inputs of 
the AND gates 13-1, 132 and 143, control the transfer 
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of the pulses to the blocking oscillator 145 via said 
‘AND gates. 

While the invention has been described by means of 
speci?c examples and in speci?c embodiments, we do 
not wish to be limited thereto, for obvious modi?ca 
tions will occur to those skilled in the art without de 
parting from the spirit and scope of the invention. 
We claim: 
1. A system for transmitting multilevel digital signals 

to a repeater or receiver comprising 
converting means for converting said multilevel 

digital signals into groups of bipolar or unipolar se 
ries pulses; 

input means connected to said converting means for 
supplying said multilevel digital signals to said con 
verting means; 

transmitter means including a transmission line cou 
pled to said converting means for transmitting said 
groups of bipolar or unipolar series pulses; and 

receiver means for receiving the transmitted pulses, 
each pulse of which has a value corresponding to 
the multilevel. 

2. A regenerative repeater for regenerating groups of 
bipolar or unipolar series pulses, comprising 

equalizing means for equalizing and amplifying trans 
mitted pulses, each pulse of which has a value cor 
responding to the multilevel; 

input means connected to said equalizing means for 
supplying said transmitted pulses; 

detecting means coupled to said equalizing means 
and comprising a plurality of detectors for detect 
ing the levels of the equalized and amplified trans 
mitted pulses; 

converting means coupled to said detecting means 
for converting the detected transmitted pulses into 
groups of bipolar or unipolar series pulses, each 
group of which has a value corresponding to the 
multilevel and being integrated by the frequency 
characteristic of the transmission line via which 
the pulses are transmitted; and ' 

output means connected to said converting means 
for deriving said groups of bipolar or unipolar se 
ries pulses. 

3. A regenerative repeater for regenerating groups of 
bipolar or unipolar series pulses, comprising 

equalizing means for equalizing and amplifying trans 
mitted pulses, each pulse of which has a value cor 
responding to the multilevel; 

input means connected to said equalizing means for 
supplying said transmitted pulses; 
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12 
reference voltage means for providing a reference 

voltage having a reference level; 
comparing means connected to said equalizing 
means and said reference voltage means for com 
paring the levels of said reference voltage and the 
equalized and amplified transmitted pulses, said 
comparing means providing a single pulse of 
groups of bipolar or unipolar series pulses in ac 
cordance with the comparison; and 

coupling means connected between said comparing 
means and said reference voltage means for modi 
fying the magnitude of said reference level in ac 
cordance with said single pulse. 

4. A method of transmitting multilevel digital signals 
to a repeater or receiver comprising the steps of 

converting said multilevel digita signals into groups 
of bipolar or unipolar series pulses; 

transmitting said groups of bipolar or unipolar series 
pulses; and 

receiving the transmitted pulses, each pulse of which 
has a value corresponding to the multilevel. 

5. A method of regenerating groups of bipolar or 
unipolar series pulses, comprising the steps of 

equalizing and amplifying transmitted pulses, each 
pulse of which has a value corresponding to the 
multilevel; 

detecting the levels of the equalized and ampli?ed 
transmitted pulses; 

converting the detected transmitted pulses into 
groups of bipolar or unipolar series pulses, each 
group of which has a value corresponding to the 
multilevel and being integrated by the frequency 
characteristic of the transmission line via which 
the pulses are transmitted; and 

deriving said groups of bipolar or unipolar series pul 
ses. 

6. A method of regenerating groups of bipolar or 
unipolar series pulses, comprising the steps of 

equalizing and amplifying transmitted pulses, each 
pulse of which has a value corresponding to'the 
multilevel; . 

providing a reference voltage having a reference 
level; 

comparing the levels of the reference voltage and the 
equalized and amplified transmitted pulses; 

providing a single pulse of groups of bipolar or 
unipolar series pulses in accordance with the com 
parison; and 

modifying the magnitude of the reference level in ac 
cordance with the single pulse. 


